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(54) SHOVEL AND SHOVEL CONTROL METH
(67)  Ashovel according to an example of the present
invention includes a lower running body (1), an upper
turning body (3), an engine (11) mounted on the upper
turning body (3), a motor generator (12) driven by the
engine (11), a power storage device (19) for storing elec-
tric power generated by the motor generator (12), an elec-
tric motor (21) for supplying regenerative electric power
to the power storage device (19), a selective reduction
catalyst system (100) for purifying exhaust gas by inject-
ing a reducing agent stored in a reducing agent storage

oD

tank (31) into an exhaust pipe of the engine (11), a se-
lective reduction catalyst system controller (93) for de-
tecting an abnormality of the selective reduction catalyst
system (100), and a control device (30) that performs
abnormality determination on the selective reduction cat-
alyst system (100) based on a detection result of the se-
lective reduction catalyst system controller (93). The con-
trol device (30) continues to control the electric motor
(21) before and after the abnormality determination.
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Description

TECHNICAL FIELD

[0001] The presentinvention relates to a shovelinclud-
ing a selective reduction catalyst system for reducing ni-
trogen oxide in exhaust gas of an engine using a reducing
agent and a method for controlling such a shovel.

BACKGROUND ART

[0002] A hybrid construction machine that stops driving
a drive control system of an electric working element
when an abnormality occurs in a motor generator or a
drive control system of the motor generator is known (see
Patent Document 1).

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0003] Patent Document 1: Japanese Unexamined
Patent Application Publication No. 2010-133237

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0004] However, Patent Document 1 does not refer to
techniques for reducing the amount of nitrogen oxide in
exhaust gas using a selective reduction catalyst system.
Also, Patent Document 1 does not mention a process to
be implemented when an abnormality occurs in the se-
lective reduction catalyst system. As such, the hybrid
construction machine according to Patent Document 1
may not be able to fully comply with exhaust gas regu-
lations. Also, when an abnormality occurs in the selective
reduction catalyst system, driving operations of the drive
control system of an electric working element are
stopped.

[0005] In view of the above, a shovel is desired that
includes a selective reduction catalyst system for reduc-
ing the amount of nitrogen oxide in exhaust gas and is
capable of operating appropriately even when an abnor-
mality occurs in the selective reduction catalyst system.

MEANS FOR SOLVING THE PROBLEM

[0006] A shovel according to one embodiment of the
present invention includes a lower running body, an up-
per turning body pivotally mounted on the lower running
body, an engine mounted on the upper turning body, a
motor generator driven by the engine, a power storage
device for storing electric power generated by the motor
generator, an electric motor for supplying regenerative
electric power to the power storage device, a selective
reduction catalyst system for purifying exhaust gas by
injectingareducing agent storedin areducing agent stor-
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age tank into an exhaust pipe of the engine, an abnor-
mality detection unit for detecting an abnormality of the
selective reduction catalyst system, and a control device
that performs abnormality determination on the selective
reduction catalyst system based on a detection result of
the abnormality detection unit. The control device con-
tinues to control the electric motor before and after the
abnormality determination.

ADVANTAGEOUS EFFECT OF THE INVENTION

[0007] According to an aspect of the presentinvention,
a shovel may be provided that includes a selective re-
duction catalyst system for reducing the amount of nitro-
gen oxide in exhaust gas and is capable of operating
appropriately even when an abnormality occurs in the
selective reduction catalyst system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

FIG. 1 is a side view of a shovel according to an
embodiment of the present invention;

FIG. 2 is a block diagram showing an example con-
figuration of the shovel;

FIG. 3 is a schematic diagram showing an example
configuration of a selective reduction catalyst sys-
tem;

FIG. 4 is a time chart showing temporal transitions
in a lever operation amount, a turning speed, and an
engine rotational speed when an abnormality is de-
tected in the selective reduction catalyst system
while a turning operation is being performed;

FIG. 5 is a functional block diagram of a control de-
vice of the shovel according to an embodiment of
the present invention;

FIG. 6 is a diagram illustrating transitions of control
modes;

FIG. 7A is a functional block diagram of an engine
output upper limit generation unit;

FIG. 7B is a functional block diagram of an electric
motor output upper limit generation unit;

FIG. 8A is a graph showing a relationship between
a rotational speed command value and an output
rotational speed command value input to a speed
limiting unit;

FIG. 8B is a graph showing a relationship between
atorque command value and a fuel injection amount;
FIG. 8C is a graph showing a relationship between
arotational speed command value input to the speed
limiting unit and a rotational speed command value
output by the speed limiting unit;

FIG. 8D is a graph showing a relationship between
a torque command value and a drive current com-
mand value;

FIG. 9 is a diagram illustrating changes in control
modes;
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FIG. 10is a diagram showing a relationship between
a pump discharge pressure and a pump discharge
amount;

FIG. 11 is a functional block diagram of a control
device that executes a power distribution process;
and

FIG. 12is a time chart showing temporal changes in
aleveroperation amount, a turning speed, an engine
output, and a pump output when an abnormality is
detected in the selective reduction catalyst system
while a turning operation is being performed.

EMBODIMENTS FOR IMPLEMENTING THE INVEN-
TION

[0009] FIG. 1is a side view of a shovel (excavator) as
an example of a hybrid construction machine according
to an embodimentof the presentinvention. An upper turn-
ing body 3 is pivotally mounted on a lower running body
1 via a turning mechanism 2. Working components in-
cluding a boom 4, an arm 5, and a bucket 6 are attached
to the upper turning body 3 so that they can swing in
vertical directions. The working components are hydrau-
lically driven to swing in the vertical directions by actua-
tors including a boom cylinder 7, an arm cylinder 8, and
a bucket cylinder 9.

[0010] The boom 4, the arm 5, and the bucket 6 con-
stitute attachments for excavation (digging). Note that
other attachments, such as attachments for crushing or
lifting magnet attachments can also be connected to the
upper truing body 3, for example.

[0011] FIG. 2 is a block diagram showing an example
configuration of the shovel shown in FIG. 1. In FIG. 2, a
mechanical power system is represented by a double
line, a high pressure hydraulic line is represented by a
thick solid line, and a pilot line is represented by a broken
line.

[0012] A drive shaft of an engine 11 is connected to an
input shaft of a torque transmission mechanism 13. Note
that an internal combustion engine such as a diesel en-
gine may be used as the engine 11. A drive shaft of a
motor generator 12 is connected to another input shaft
of the torque transmission mechanism 13. The motor
generator 12 can perform both an assist operation and
a power generating operation. A drive shaft of a main
pump (hydraulic pump) 14 is connected to an output shaft
of the torque transmission mechanism 13. The main
pump 14 is driven by power generated by the engine 11
and power generated by the motor generator 12.
[0013] When the motor generator 12 performs the as-
sist operation, the power generated by the motor gener-
ator 12 is transmitted to the main pump 14 via the torque
transmission mechanism 13. As a result, the load applied
to the engine 11 is reduced. When the motor generator
12 performs the power generating operation, the power
generated by the engine 11 is transmitted to the motor
generator 12 via the torque transmission mechanism 13.
[0014] The main pump 14 supplies hydraulic pressure

10

15

20

25

30

35

40

45

50

55

to a control valve 17, via a high pressure hydraulic line
16. The control valve 17 distributes the hydraulic pres-
sure to various actuators, such as a left side hydraulic
motor 1A, a right side hydraulic motor 1B, the boom cyl-
inder 7, the arm cylinder 8, and the bucket cylinder 9, for
example, in response to a command from a driver. The
hydraulic motor 1A for the left side and the hydraulic mo-
tor 1B for the right side respectively drive two crawlers
provided at the left side and right side of the lower running
body 1.

[0015] While the motor generator 12 is performing the
assist operation, required electric power is supplied from
a power storage circuit 120 to the motor generator 12 via
an inverter 18 corresponding to a drive control unit. While
the motor generator 12 is performing the power gener-
ating operation, the power generated by the motor gen-
erator 12 is supplied to the power storage circuit 120 via
the inverter 18. As a result, a power storage device 19
in the power storage circuit 120 is charged.

[0016] A turning electric motor 21 as an example of an
electric load driving element is driven by an inverter 20
corresponding to a drive control unit, and in this way, the
electric motor 21 can perform both a power running op-
eration and a regenerating operation. While the power
running operation of the electric motor 21 is performed,
electric power is supplied from the power storage device
19 to the electric motor 21 via the inverter 20. The electric
motor 21 drives the turning mechanism 2 via a speed
reduction gear 24. While the regenerating operation is
performed, the rotational motion of the upper turning
body 3 is transmitted to the electric motor 21 via the speed
reduction gear 24, and the electric motor 21 generates
regenerative electric power. The generated regenerative
electric power is supplied to the power storage circuit 120
via the inverter 20. In this way, the power storage device
19 in the power storage circuit 120 may be charged with
the electric power. In the example of FIG. 2, the upper
turning body 3 is pivotally driven only by the electric motor
21. However, the upper turning body 3 may also be piv-
otally driven by a combination of the electric motor 21
and a turning hydraulic motor, for example.

[0017] The resolver 22 detects the position of a rota-
tional axis of the electric motor 21 in the rotational direc-
tion. A detection result of the resolver 22 is input to a
control device 30. The rotational speed of the electric
motor 21 can be detected by a signal from the resolver
22. The resolver 22 may function as a speed detector for
detecting the rotational speed of the electric motor 21.
[0018] A mechanical brake 23 is connected to a rotat-
ing shaft of the electric motor 21, and generates a me-
chanical braking force. The mechanical brake 23 may be
switched to/from a braking state and a releasing state by
an electromagnetic switch under control of a control de-
vice 30, for example.

[0019] A pilot pump 15 generates a pilot pressure nec-
essary for a hydraulic operating system. The generated
pilot pressure is supplied to an operating device 26 via
the pilot line 25. The operation device 26 is operated by
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a driver and includes a lever and a pedal. The operation
device 26 converts a primary hydraulic pressure supplied
from the pilot line 25 into a secondary hydraulic pressure
according to operations by the driver. The secondary hy-
draulic pressure is transmitted to a control valve 17 via
a hydraulic line 27 and is also transmitted to a pressure
sensor 29 via another hydraulic line 28.

[0020] Pressure information detected by the pressure
sensor 29 is input to the control device 30. With this pres-
sure information, the control device 30 can detect the
operation status of the lower running body 1, the electric
motor 21, the boom 4, the arm 5, and the bucket 6. The
control device 30 controls the engine 11, the inverter 18,
the inverter 20, and the power rage circuit 120.

[0021] A reducing agent for reducing nitrogen oxide
included in the exhaust gas of the engine 11 is stored in
areducing agent storage tank 31. Note that a substance
such as urea water may be used as the reducing agent,
forexample. Thereducing agentis supplied to an exhaust
passage ofthe engine 11 fromthe reducing agent storage
tank 31. A remaining amount detector 32 detects the re-
maining amount of the reducing agent in the reducing
agent storage tank 31. The detection result is input to the
control device 30.

[0022] A charge rate detection circuit 44 detects a
physical quantity, such as an open circuit voltage, for
calculating a charge rate SOC of the power storage de-
vice 19, for example. The detection result of the charge
rate detection circuit 44 is input to the control device 30.
Assuming Voc denotes the open circuit voltage, Vmin
denotes the minimum voltage of the power storage de-
vice 19, and Vmax denotes the maximum value (rated
value) of the power storage device 19, the charge rate
SOC may be expressed by the following equation.

SOC = (Vc?-Vmin?) / (Vmax’-Vmin?)
[0023] An on/off state SWCA of a forced assist switch
38 is input to the control device 30. Also, a switch state
SWR of arecovery switch 39is input to the control device
30. The forced assist switch 38 and the recovery switch
39 are operated by a driver or a maintenance person, for
example.

[0024] In the following, referring to FIG. 3, a selective
reduction catalyst system 100 installed in the shovel of
FIG. 1is described. FIG. 3 is a schematic diagram show-
ing an example configuration of the selective reduction
catalystsystem 100. The selective reduction catalyst sys-
tem 100 is an example of an exhaust gas purification
system that purifies exhaust gas discharged from the en-
gine 11.

[0025] Fuel is supplied to the engine 11 from a fuel
tank by a high pressure pump. This high pressure fuel is
directly injected into a combustion chamber to be burned.
The engine 11, the high pressure pump and the like are
controlled by an engine control device 74.
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[0026] Exhaustgasfromthe engine 11 passes through
a turbocharger 80 and flows to an exhaust pipe 81 pro-
vided downstream of the turbocharger 80 to be subjected
to a purification treatment by the selective reduction cat-
alyst system 100 and then discharged into the atmos-
phere.

[0027] On the other hand, air introduced into an intake
pipe 83 via an air cleaner 82 passes through the turbo-
charger 80, an intercooler 84, and the like to be supplied
to the engine 11.

[0028] The exhaust pipe 81 has a diesel particulate
filter 85 for collecting particulate matter in the exhaust
gas and a selective reduction catalyst 86 for reducing
and removing nitrogen oxide (hereinafter sometimes re-
ferred to as "NOXx") in the exhaust gas provided in series.
[0029] The selective reduction catalyst 86 receives a
supply of aliquid reducing agent (e.g., urea orammonia)
and continuously reduces and removes NOx in the ex-
haust gas. In the present embodiment, itis assumed that
urea water (aqueous urea solution) is used as the liquid
reducing agent in view of its ease of handling.

[0030] A urea water injection device 87 for supplying
urea water to the selective reduction catalyst 86 is pro-
vided upstream of the selective reduction catalyst 86 in
the exhaust pipe 81. The urea water injection device 87
is connected to the reducing agent storage tank 31 via a
urea water supply line 88.

[0031] Also, a urea water supply pump 89 is provided
in the urea water supply line 88, and afilter 90 is provided
between the reducing agent storage tank 31 and the urea
water supply pump 89. The urea water stored in the re-
ducing agent storage tank 31 is supplied to the urea water
injection device 87 by the urea water supply pump 89
and is injected from the urea water injection device 87 to
an upstream position of the selective reduction catalyst
86 in the exhaust pipe 81.

[0032] The urea water injected from the urea water in-
jection device 87 is supplied to the selective reduction
catalyst 86. The supplied urea water is hydrolyzed in the
selective reduction catalyst 86 to generate ammonia. The
generated ammonia reduces the NOx contained in the
exhaust gas in the selective reduction catalyst 86, and
the exhaust gas is purified by the reduction reaction of
the NOx.

[0033] A first NOx sensor 91 is disposed upstream of
the urea water injection device 87. Further, a second NOx
sensor 92 is disposed downstream of the selective re-
duction catalyst 86. The NOx sensors 91 and 92 detect
the NOx concentration in the exhaust gas at their respec-
tive positions.

[0034] Also, a remaining amount detector 32 is dis-
posed in the reducing agent storage tank 31. The remain-
ing amount detector 32 detects the remaining amount of
urea water in the reducing agent storage tank 31.
[0035] The NOx sensors 91 and 92, the remaining
amount detector 32, the urea water injection device 87,
and the urea water supply pump 89 are connected to a
selective reduction catalyst system controller 93. Based
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on the NOx concentration detected by the NOx sensors
91 and 92, the selective reduction catalyst system con-
troller 93 controls the urea water injection device 87 and
the urea water supply pump 89 so that an appropriate
amount of urea water may be injected into the exhaust
pipe 81.

[0036] Also, based on the remaining amount of urea
water output by the remaining amount detector 32, the
selective reduction catalyst system controller 93 calcu-
lates the ratio of the remaining amount of urea water to
the total volume of the reducing agent storage tank 31
(hereinafter referred to as "urea water remaining amount
ratio"). For example, the urea water remaining amount
ratio of 50% indicates that urea water equal to half the
total volume of the reducing agent storage tank 31 re-
mains in the reducing agent storage tank 31.

[0037] The selective reduction catalyst system control-
ler 93 also functions as an abnormality detection unit that
detects an abnormality of the selective reduction catalyst
system 100. For example, the selective reduction catalyst
system controller 93 may detect an abnormality of the
selective reduction catalyst system 100 based on outputs
ofthe NOx sensors 91 and 92. For example, the selective
reduction catalyst system controller 93 may detect, as
an abnormality of the selective reduction catalyst system
100, a state in which the NOx concentration detected at
the downstream side of the selective reduction catalyst
86 by the NOx sensor 92 is greater than or equal to a
predetermined value. Alternatively, the selective reduc-
tion catalyst system controller 93 may detect, as an ab-
normality of the selective reduction catalyst system 100,
a state in which the difference between the NOx concen-
tration at the upstream side of the selective reduction
catalyst 86 detected by the NOx sensor 91 and the NOx
concentration at the downstream side of the selective
reduction catalyst 86 detected by the NOx sensor 92 is
less than a predetermined value. Further, the selective
reduction catalyst system controller 93 may detect an
abnormality of the selective reduction catalyst system
100 based on the remaining amount of urea water. For
example, the selective reduction catalyst system control-
ler 93 may detect, as an abnormality of the selective re-
duction catalyst system 100, a state in which the remain-
ing amount of urea water is less than a predetermined
value.

[0038] The selective reduction catalyst system control-
ler 93 is connected to the engine control device 74 by a
communication system. Also, the engine control device
74 is connected to the control device 30 by a communi-
cation system. Note that in the present embodiment, the
selective reduction catalyst system controller 93, the en-
gine control device 74, and the control device 30 are con-
figured as separate device units. However, in other em-
bodiments, at least two of these device units may be in-
tegrally configured. For example, the selective reduction
catalyst system controller 93 may be integrated with the
engine control unit 74.

[0039] Various types of information relating to the se-

10

15

20

25

30

35

40

45

50

55

lective reduction catalyst system 100 that is retained by
the selective reduction catalyst system controller 93 are
configured so that they can be shared with the control
device 30 and the engine control device 74. Like the con-
trol device 30, the engine control device 74 and the se-
lective reduction catalyst system controller 93 each in-
clude a CPU, a RAM, a ROM, an input/output port, and
a storage device, for example. The engine control device
74 determines an injection amount of urea water based
on collected data. Then, the engine control device 74
transmits a control signal to the urea water injection de-
vice 87 via the selective reduction catalyst system con-
troller 93 to control the amount of urea water to be injected
with respect to the exhaust gas from the engine 11.
[0040] When an abnormality of the selective reduction
catalyst system 100 is detected, the selective reduction
catalyst system controller 93 outputs the detection result
tothe control device 30. The controldevice 30 determines
whether an abnormality in the selective reduction catalyst
system 100 exists based on the detection result.

[0041] The control device 30 continues to control the
turning electric motor 21 corresponding to an electric load
driving element before and after the abnormality deter-
mination. That is, even when an abnormality of the se-
lective reduction catalyst system 100 is detected, ifaturn-
ing operation is being performed, the control device 30
continues to control the inverter 20 to enable energization
control between the inverter 20 and the electric motor 21
until the turning operation is ended. The control device
30 may also continue to control the motor generator be-
fore and after the abnormality detection. That is, the con-
trol device 30 may continue to control the inverter 18 so
that energization control between the inverter 18 and the
motor generator 12 can be maintained. Further, in order
to keep the voltage of a DC bus (bus line) connecting the
inverter 18, the inverter 20, and the storage circuit 120
constant, a converter may be provided between the DC
bus and the power storage device 19 (e.g. capacitor, lith-
ium ion secondary battery). In this case, the control de-
vice 30 may continue to control the power storage device
19 before and after the abnormality determination. That
is, the control device 30 may continue to control the con-
verter to enable charging and discharging of the power
storage device 19.

[0042] In the following, referring to FIG. 4, a process
in which the control device 30 continues to control the
electric motor 21 when an abnormality of the selective
reduction catalyst system 100 is detected while a turning
operation is being performed is described. FIG. 4 is a
time chart showing temporal transitions of a lever oper-
ation amount, a turning speed, and an engine rotational
speed. The solid lines represent temporal transitions in
an example case where driving operations of the engine
11 and the electric motor 21 are not stopped and the
electric motor 21 continues to be controlled when an ab-
normality of the selective reduction catalyst system 100
is detected. That is, in this example case, even after the
abnormality detection, the electric motor 21 continues to
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be controlled in the same manner as before the abnor-
mality detection according to lever operations of a turning
operation lever. The broken lines represent temporal
transitions in an example case where the driving opera-
tions of the engine 11 and the electric motor 21 are
stopped and the electric motor 21 continues to be con-
trolled when an abnormality of the selective reduction
catalyst system 100 is detected. That is, in this example
case, after the abnormality detection, the electric motor
21 continues to be controlled to enable braking of the
turning operation of the upper turning body 3 irrespective
of lever operations of the turning operation lever. The
alternate long and short dashed lines represent temporal
transitions in an example case where driving operations
of the engine 11 and the electric motor 21 are stopped
and control operations of the electric motor 21 are
stopped when an abnormality of the selective reduction
catalyst system 100 is detected.

[0043] InFIG. 4, graph (A) shows temporal transitions
of the lever operation amount of the turning operation
lever. In the present embodiment, the turning operation
lever has already been operated to reach its maximum
operation amount, and the maximum operation amount
is maintained through time t1 and up until time t2. Then,
at time t2, an operation for returning to a neutral position
is performed.

[0044] In FIG. 4, graph (B) shows the temporal transi-
tions of the turning speed, and graph (C) shows the tem-
poral transitions of the engine rotational speed.

[0045] When an abnormality of the selective reduction
catalyst system 100 is detected at time t1, the control
device 30 continues to control the electric motor 21 with-
out stopping the driving operations of the engine 11 and
the electric motor 21. That is, control operations of the
electric motor 21 are continued while maintaining the
turning speed and the engine speed. Thus, as indicated
by the solid line in graph (B) of FIG. 4, the current speed
is maintained until the operation for returning the turning
operation lever to the neutral position is performed at
time t2. Also, as indicated by the solid line in graph (C)
of FIG. 4, the current engine rotational speed is main-
tained even after the turning operation lever is returned
to the neutral position. Thus, the control device 30 can
operate the engine 11 and the electric motor 21 without
any limitations until the turning operation is completed,
even when the remaining amount of urea water falls be-
low a predetermined value during the turning operation,
for example, and in this way, the turning speed may be
prevented from abruptly changing.

[0046] Alternatively, when an abnormality of the selec-
tive reduction catalyst system 100 is detected at time t1,
the control device 30 may stop driving the engine 11 and
the electric motor 21 and continue controlling the electric
motor 21. Thatis, the engine 11 may be stopped and the
electric motor 21 may continue to be controlled in order
to enable braking of the turning operations of the upper
turning body 3. In this case, at time t1, the electric motor
21 starts the regenerative operation irrespective of the
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lever operations of the turning operation lever, and im-
plements braking of the upper turning body 3 while gen-
erating regenerative electric power. Thus, as indicated
by the broken line in graph (B) of FIG. 4, the turning speed
rapidly decreases and reaches zero. Also, as indicated
by the broken line in graph (C) of FIG. 4, the engine ro-
tational speed rapidly decreases to zero. In this way, in
a case where the remaining amount of urea water falls
below a predetermined value during ta turning operation,
for example, the control device 30 may promptly stop
operations of the engine 11 and the electric motor 21 and
prevent exhaust gas with a high concentration of NOx
from being discharged. Alternatively, the control device
30 may set up a deceleration pattern in advance, and
gradually stop operations of the electric motor 21 accord-
ing to the deceleration pattern.

[0047] On the other hand, if the control operation of
the electric motor 21 is stopped when an abnormality of
the selective reduction catalyst system 100 is detected
attime t1, turning torque including an acceleration torque
and a deceleration (braking) torque disappears and the
upper turning body 3 continues turning by inertia. The
turning speed gradually decreases and reaches zero due
to frictional force acting on the turning mechanism 2, as
indicated by the alternate long and short dashed line in
graph (B) of FIG. 4.

[0048] By havingthe control device 30 continue to con-
trol the electric motor 20 even when an abnormality of
the selective reduction catalyst system 100 is detected,
that is, by continuing to control the inverter 20, the inertia
turning of the upper turning body 3 as described above
may be prevented. Specifically, by continuing to control
the electric motor 21 without stopping the driving opera-
tion of the electric motor 21, a turning operation identical
to that performed in the case where no abnormality is
detected may be performed. Alternatively, by stopping
the driving operation of the electric motor 21 and contin-
uing to control the electric motor 21, the electric motor
21 canbe promptly stopped. Also, by continuing to control
the inverter 18, the control device 30 can supply regen-
erative electric power to the motor generator 12 when
regenerative electric power is generated during deceler-
ation of the electric motor 21. Also, by continuing to con-
trol the converter, the control device 30 can supply re-
generative electric power to the electricity storage device
19 when regenerative electric power is generated during
deceleration of the electric motor 21.

[0049] In the following, referring to FIG. 5, the control
device 30 is described in detail. FIG. 5 is a functional
block diagram of the control device 30. When an abnor-
mality is detected during a turning operation, the control
device 30 continues normal control operations until the
turning operation is stopped and continues the normal
control operations even after the turning operation is
stopped. In this way, a turning operation may be per-
formed in response to an operation input to the forced
assist switch 38, for example.

[0050] Note that the functions of the control device 30
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may be implemented by a central processing unit (CPU)
executing a computer program, for example. The com-
puter program may be stored in a storage device of the
control device 30, for example.

[0051] Pressure information detected by the pressure
sensor 29 is input to an engine speed command value
generation unit 507 and an electric motor speed com-
mand value generation unit 508. The pressure informa-
tion includes operation information of the operation de-
vice 26 relating to operations, such as a turning operation
of the upper turning body 3, a forward/backward opera-
tion of the upper turning body 3, and swinging operations
of working components, such as the boom 4, the arm 5,
and the bucket 6, for example.

[0052] The engine speed command value generation
unit 507 generates a rotational speed command value
NCE for the engine 11 based on the pressure information
from the pressure sensor 29. For example, the power to
be supplied to the main pump 14 may be obtained based
on operation information for a plurality of actuators hy-
draulically driven by the main pump 14. Based on this
power, the rotational speed command value NCE for the
engine 11 may be obtained.

[0053] The electric motor speed command value gen-
eration unit 508 generates a rotational speed command
value NCM for the electric motor 21 based on the pres-
sure information from the pressure sensor 29. For exam-
ple, the rotational speed command value NCM for the
electric motor 21 may be obtained based on operation
information relating to the turning operation of the upper
turning body 3.

[0054] An output signal of the remaining amount de-
tector 32 is input to a reducing agent remaining amount
detection unit 501. Based on the output signal from the
remaining amount detector 32, the reducing agent re-
maining amount detection unit 501 calculates a remain-
ing amount QR of reducing agent in the reducing agent
storage tank 31. An output signal of the resolver 22 is
input to an electric motor speed detection unit 502. The
electric motor speed detection unit 502 calculates a ro-
tational speed measurement value NM of the electric mo-
tor 21 based on the output signal of the resolver 22. An
output signal of the charge rate detection circuit 44 is
input to a charge rate detection unit 503. The charge rate
detection unit 503 calculates a charge rate SOC of the
power storage device 19 based on the output signal of
the charge rate detection circuit 44.

[0055] A control mode management unit 504 deter-
mines a control mode MC for the engine 11, the motor
generator 12, and the electric motor 21 based on the
remaining amount QR of reducing agent, the rotational
speed measurement value NM of the electric motor 21,
the charge rate SOC of the electric storage device 19,
the on/off state SWCA of the forced assist switch 38, and
the switch state SWR of the recovery switch 39. Specif-
ically, one control mode is selected from a plurality of
control modes MC.

[0056] FIG. 6illustrates an example transition between
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the control modes MC. The control modes MC include a
normal mode MC1, an output limit mode MC2, an idling
mode MC3, a first forced assist mode MC4, a second
forced assist mode MC5, a first assist prohibition mode
MC 6, and a second assist prohibition mode MC7. InFIG.
6, example transitions between control modes MC are
shown, but not all transitions are shown.

[0057] Inthe normal mode MC1, outputs of the engine
11, the motor generator 12, and the turning electric motor
21 are controlled to not exceed normal output upper limit
values. In the output limit mode MC2, outputs of the en-
gine 11, the motor generator 12, and the turning electric
motor 21 are controlled to not exceed limited upper limit
values that are lower than the normal output upper limit
values. In the idling mode MC3, the engine 11 is operated
in idling mode, and outputs of the motor generator 12
and the turning electric motor 21 are controlled to be zero.
[0058] In the first forced assist mode MC4, an output
of the engine 11 is controlled to be less than or equal to
the limited upper limit value, and outputs of the motor
generator 12 and the turning electric motor 21 are con-
trolled to not exceed the normal output upper limit values.
In the second forced assist mode MC5, the engine 11 is
operated in idling mode, and outputs of the motor gen-
erator 12 and the turning electric motor 21 are controlled
to not exceed the normal output upper limit values.
[0059] In the first assist prohibition mode MCB6, an out-
put of the engine 11 is controlled to be less than or equal
to the limited upper limit value, and outputs of the motor
generator 12 and the turning electric motor 21 are con-
trolled to be zero. In the second assist prohibition mode
MC7, the engine 11 is operated in idling mode, and out-
puts of the motor generator 12 and the turning electric
motor 21 are controlled to be zero.

[0060] In the following, conditions for transitioning be-
tween the various control modes MC are described.
While the control mode MC is in the normal mode MC1,
if the remaining amount QR of reducing agent has de-
creased and the upper turning body 3 is not turning, the
control mode MC may transitions from the normal mode
MC1 to the output limit mode MC2. For example, if the
remaining amount QR of reducing agent becomes less
than a determination threshold value THQ, it may be de-
termined that the remaining amount QR of reducing
agent has decreased. Also, if the rotational speed meas-
urement value NM of the electric motor 21 is less than a
determination threshold value THV, itmay be determined
that the upper turning body 3 is not turning. Note that
even if the remaining amount QR of reducing agent has
decreased, if a turning operation is being performed, the
process of transitioning from the normal mode MC1 to
the output limit mode MC2 is put on hold until the turning
operation is ended.

[0061] While the control mode MC is in the output limit
mode MC2, if the driver replenishes the reducing agent
and presses the recovery switch 39, the control mode
MC may return from the output limit mode MC2 to the
normal mode MC1. Note that in FIG. 6, "SWR" indicates
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that the reducing agent has been replenished and the
recovery switch 39 has been pressed.

[0062] While the control mode MC is in the output limit
mode MC2, ifthe remaining amount QR of reducing agent
becomes substantially zero and the upper turning body
3 is not turning, the control mode MC may transition from
the output limit mode MC2 to the idling mode MC3. While
the control mode MC is in the idling mode MC3, if the
driver replenishes the reducing agent and presses the
recovery switch 39, the control mode MC may return to
the normal mode MC1 from the idling mode MC3.
[0063] While the control mode MC is in the output limit
mode MC2, if the forced assist switch 38 is turned on,
the control mode MC may transition from the output limit
mode MC2 to the first forced assist mode MC4. While
the control mode MC is in the first forced assist mode
MC4, if the forced assist switch 38 is turned off, the control
mode MC may transition from the first forced assist mode
MC4 to the output limit mode MC2.

[0064] While the control mode MC is in the idling mode
MC3, ifthe forced assist switch 38 is turned on, the control
mode MC may transition from the idling mode MC3 to
the second forced assist mode MC5. While the control
mode MC is in the second forced assist mode MC5, if
the forced assist switch 38 is turned off, the control mode
MC may transition from the second forced assist mode
MCS5 to the idle mode MC3.

[0065] While the control mode MC is in the output limit
mode MC2 or the first forced assist mode MC4, if the
charge rate SOC becomes lower than an assist-enabling
threshold value THSO, the control mode MC may transi-
tion to the first assist prohibition mode MC6. While the
control mode MC is in the idling mode MC3 or the second
forced assistmode MC5, ifthe charge rate SOC becomes
lower than the assist-enabling threshold value THSO, the
control mode MC may transition to the second assist pro-
hibition mode MC7.

[0066] While the control mode MC is in the first assist
prohibition mode MCB, if the charge rate SOC recovers,
the control mode MC may transition from the first assist
prohibition mode MC6 to the output limit mode MC2.
While the control mode MC is in the second assist pro-
hibition mode MC?7, if the charge rate SOC recovers, the
control mode MC may transition from the second assist
prohibition mode MCY7 to the idling mode MC3. For ex-
ample, when the charge rate SOC exceeds a recovery
determination threshold value THS1, a determination
may be made that the charge rate SOC has recovered.
Note that the recovery determination threshold value
THS1 is greater than the assist-enabling threshold value
THSO.

[0067] While the control mode MC is in the first forced
assist mode MC4, if the remaining amount QR of reduc-
ing agent becomes substantially zero and the upper turn-
ing body 3 is not turning, the control mode MC may tran-
sition from the first forced assist mode MC4 to the second
forced assist mode MC5. While the control mode MC is
in the first forced assist mode prohibition MC6, if the re-
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maining amount QR of reducing agent becomes substan-
tially zero, the control mode MC may transition from the
first assist prohibition mode MC6 to the second assist
prohibition mode MC7.

[0068] Referringbackto FIG. 5, further functions of the
control device 30 are described below.

[0069] An engine output upper limit value generation
unit 505 generates an engine output upper limit value
based onthe current control mode MC. The engine output
upper limit value includes a rotational speed upper limit
value NUE and a torque upper limit value TUE. When
the controlmode MCis inthe normalmode MC1, anormal
rotational speed upper limit value NUEO is generated as
the rotational speed upper limit value NUE, and a normal
torque upper limit value TUEOQ is generated as the torque
upper limit value TUE. When the control mode MC is in
the output limit mode MC2, the first forced assist mode
MC4, or the first assist prohibition mode MCB6, a rotational
speed upper limit value NUE1 is generated as the rota-
tional speed upper limit value NUE, and a torque upper
limit value TUE1 is generated as the torque upper limit
value TUE. The rotational speed upper limit value NUE1
is smaller than the normal rotational speed upper limit
value NUEO and the torque upper limit value TUE1 is
smaller than the normal torque upper limit value TUEO.
When the control mode MC is in the idling mode MC3,
the second forced assist mode MC5, or the second assist
prohibition mode MC?7, an idling rotational speed NUE2
is generated as the rotational speed upper limit value
NUE, and a torque upper limit value TUEZ2 is generated
as the torque upper limit value TUE. The idling rotational
speed NUEZ2 is smaller than the rotational speed upper
limit value NUE 1 and the torque upper limit value TUE2
is smaller than the torque upper limit value TUE1.
[0070] An electric motor output upper limit value gen-
eration unit 506 generates an electric motor output upper
limit value based on the current control mode MC. The
engine output upper limit value includes a rotational
speed upper limit value NUM and a torque upper limit
value TUM. When the control mode MC is in the normal
mode MC1, the first forced assist mode MC4, or the sec-
ond forced assist mode MC5, a normal rotational speed
upper limit value NUMO is generated as the rotational
speed upper limit value NUM, and a torque upper limit
value TUMO is generated as the torque upper limit value
TUM. When the control mode MC is in the output limit
mode MC2, a rotational speed upper limit value NUM1
is generated as the rotational speed upper limit value
NUM, and a torque upper limit value TUM1 is generated
as the torque upper limitvalue TUM. The rotational speed
upper limit value NUM1 is smaller than the normal rota-
tional speed upper limit value NUMO, and the torque up-
per limit value TUM1 is smaller than the normal torque
upper limit value TUMO.

[0071] An engine control unit 509 calculates a fuel in-
jection amount SE based on the engine rotational speed
command value NCE, the engine rotational speed upper
limit value NUE, and the torque upper limit value TUE.
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Specifically, under the condition that the rotational speed
measurement value NE of the engine 11 does not exceed
the rotational speed upper limit value NUE and the torque
generated by the engine 11 does not exceed the torque
upper limit value TUE, the fuel injection amount SE is
calculated so that the rotational speed measurement val-
ue of the engine 11 approximates the rotation speed com-
mand value NCE.

[0072] An electric motor control unit 510 generates a
pulse width modulation signal PWM for controlling the
inverter 20 based on the rotational speed command value
NCM of the electric motor 21, the rotational speed upper
limit value NUM of the electric motor 21, and the torque
upper limit value TUM of the electric motor 21. Specifi-
cally, under the condition that the rotational speed meas-
urement value NM of the electric motor 21 does not ex-
ceed the rotational speed upper limit value NUM and a
torque TM generated by the electric motor 21 does not
exceed the torque upper limit value TUM, the inverter 20
is controlled so that the rotational speed measurement
value NM of the electric motor 21 approximates the ro-
tational speed command value NCM.

[0073] FIG. 7Ais an example functional block diagram
ofthe engine output upper limit value generation unit 505.
In FIG. 7A, the engine output upper limit value generation
unit 505 includes a speed limiting unit 5051, a Pl control
unit 5052, an injection amount calculation unit 5053, and
a rotational speed detection unit 5054.

[0074] The speed limiting unit 5051 outputs the rota-
tional speed command value NCE1 based on the engine
rotational speed command value NCE and the rotational
speed upper limit value NUE. Specifically, in a case
where the input rotational speed command value NCE
is less than or equal to the rotational speed upper limit
NUE, the output rotational speed command value NCE1
is equal to the input rotational speed command value
NCE. In a case where the input rotational speed com-
mand value NCE exceeds the rotational speed upper limit
value NUE, the output rotational speed command value
NCE1 is equal to the rotational speed upper limit value
NUE.

[0075] FIG. 8A shows a relationship between the rota-
tional speed command value NCE input to the speed
limiting unit 5051 and the output rotational speed com-
mand value NCE1.

[0076] When the control mode MC is in the normal
mode MC1, the normal rotational speed upper limit value
NUEDO is set up as the rotational speed upper limit value
NUE. Thus, as indicated by solid line mc1in FIG. 8A, the
output rotational speed command value NCE1 varies
within the range from 0 to the normal rotational speed
upper limit value NUEO. When the control mode MC is
in the output limit mode MC2, the rotational speed upper
limit value NUE1, which is less than the normal rotational
speed upper limit value NUEDO, is set up as the rotational
speed upper limit value NUE. Thus, in this case, as indi-
cated by solid line mc2 in FIG. 8A, the output rotational
speed command value NCE1 does not exceed the rota-
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tional speed upper limit value NUE1.

[0077] A speedsensor 33 detects the rotational speed
of the engine 11. The detection result of the speed sensor
33 is input to the rotational speed detection unit 5054.
The rotational speed detection unit 5054 generates the
rotational speed measurement value NE of the engine
11 based on the output signal of the speed sensor 33.
The PI control unit 5052 performs Pl (proportional inte-
gral) control based on the difference between the rota-
tional speed command value NCE1 and the rotational
speed measurement value NE and outputs a torque com-
mand value TCE.

[0078] The injection amount calculation unit 5053 cal-
culates the fuel injection amount SE based on the torque
command value TCE and the torque upper limit value
TUE. Specifically, when the torque command value TCE
is less than or equal to the torque upper limit TUE, the
fuel injection amount SE is determined so that a torque
equal to the torque command value TCE is generated.
When the torque command value TCE exceeds the
torque upper limit value TUE, the fuel injection quantity
SE is determined so that a torque equal to the torque
upper limit value TUE is generated. That is, the torque
generated by the engine 11 is controlled so that it does
not exceed the torque upper limit value TUE.

[0079] FIG. 8B shows a relationship between the
torque command value TCE and the fuelinjection amount
SE. When the control mode MC is in the normal mode
MCH1, if the torque command value TCE is less than or
equal to the normal torque upper limit value TUEO, the
fuelinjection amount SE is determined so that the engine
11 generates a torque equal to the torque command val-
ue TCE. If the torque command value TCE exceeds the
normal torque upper limit value TUEQ, the fuel injection
amount SE is determined so that the torque generated
by the engine 11 is equal to the torque upper limit value
TUEQ. That is, the fuel injection amount SE (solid line
mc1 in FIG. 8B) is determined so that the torque gener-
ated by the engine 11 does not exceed the normal torque
upper limit value TUEO.

[0080] When the control mode MC is in the output limit
mode MC2, the fuel injection amount SE (solid line mc2
in FIG. 8B) is determined so that the torque generated
by the engine 11 does not exceed the torque upper limit
value TUE1. That is, the torque generated by the engine
11 is controlled so that it does not exceed the torque
upper limit value TUE1.

[0081] FIG. 7B is an example functional block diagram
of the electric motor output upper limit value generation
unit 506. In FIG. 7B, the electric motor output upper limit
value generation unit 506 includes a speed control unit
5061, a PI control unit 5062, a torque limiting unit 5063,
a PI control unit 5064, a PWM signal generation unit
5065, a current detection unit 5066, and a rotational
speed detection unit 5067. The current detection unit
5066 detects a drive current of the electric motor 21 and
outputs a drive current measurement value IM. The ro-
tational speed detection unit 5067 detects the rotational
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speed of the electric motor 21 and outputs the rotational
speed measurement value NM. Note that a rotational
speed when the upper turning body 3 is turning in the
clockwise direction is defined as positive and a rotational
speed when the upper turning body is turning in the coun-
terclockwise direction is defined as negative. Also, a
torque for turning the upper turning body 3 in the clock-
wise direction is defined as positive and a torque for turn-
ing the upper turning body 3 in the counterclockwise di-
rection is defined as negative.

[0082] Thespeedlimiting unit5061 outputs arotational
speed command value NCM1 based on the rotational
speed command value NCM and the rotational speed
upper limit value NUM of the electric motor 21. In the
case where the absolute value of the input rotational
speed command value NCM is less than or equal to the
absolute value of the rotational speed upper limit value
NUM, the output rotational speed command value NCM1
is equal to the rotational speed command value NCM. In
the case where the absolute value of the input rotational
speed command value NCM exceeds the absolute value
of the rotational speed upper limit value NUM, the abso-
lute value of the output rotational speed command value
NCM1 is equal to the absolute value of the rotational
speed upper limit value NUM. Note that the positive/neg-
ative sign of the output rotational speed command value
NCM1 is the same as that of the rotational speed com-
mand value NCM.

[0083] FIG. 8C shows a relationship between the ro-
tational speed command value NCM input to the speed
limiting unit 5061 and the output rotational speed com-
mand value NCM1.

[0084] When the control mode MC is in the normal
mode MC1, the normal rotational speed upper limit value
NUMO is set up as the rotational speed upper limit value
NUM. Thus, as indicated by solid line mc1 in FIG. 8C,
the absolute value of the output rotational speed com-
mand value NCM1 varies within a range not exceeding
the normal rotational speed upper limit value NUMO.
When the control mode MC is in the output limit mode
MC2, the rotational speed upper limit value NUM1 is set
up as the rotational speed upper limit value NUM. Thus,
in this case, as indicated by solid line mc2 in FIG. 8C,
the absolute value of the output rotational speed com-
mand value NCM1 varies within a range not exceeding
the rotational speed upper limit value NUM1.

[0085] The PI control unit 5062 performs Pl control
based on the difference between the rotational speed
command value NCM1 and the rotational speed meas-
urement value NM, and outputs the torque command val-
ue TCM. The torque limiting unit 5063 outputs a drive
current command value ICO based on the torque com-
mand value TCM and the torque upper limit value TUM.
When the absolute value of the torque command value
TCM is less than or equal to the torque upper limit value
TUM, the drive current command value ICO is determined
so that a torque equal to the torque command value TCM
is generated. When the absolute value of the torque com-
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mand value TCM exceeds the torque upper limit value
TUM, the drive current command value ICO is determined
so that atorque equal to the torque upper limit value TUM
is generated.

[0086] FIG. 8D shows a relationship between the
torque command value TCM and the drive current com-
mand value ICO.

[0087] When the control mode MC is in the normal
mode MCH1, the drive current command value ICO (solid
line mc1 in FIG. 8C) is determined so that the absolute
value of the torque generated by the electric motor 21
does not exceed the normal torque upper limit value
TUMO. When the control mode MC is in the output limit
mode MC2, the drive current command value ICO (solid
line mc2 in FIG. 8D) is determined so that the absolute
value of the torque generated by the electric motor 21
does not exceed the torque upper limit value TUM1. That
is, the absolute value of the torque generated by the elec-
tric motor 21 controlled to be less than or equal to the
torque upper limit value TUM1.

[0088] The PI control unit 5064 performs PI control
based on the difference between the drive current com-
mand value IC0 and the drive current measurementvalue
IM, and outputs a drive current command value IC1. The
PWM signal generation unit 5065 generates a pulse
width modulation signal PWM based on the drive current
command value IC1. The inverter 20 is controlled by the
pulse width modulation signal PWM.

[0089] In the following, effects of transitioning the con-
trol mode MC from the normal mode MC1 to the output
limit mode MC2 are described. In the output limit mode
MC2, the upper limit values for the rotational speed and
torque of the engine 11 are respectively limited to the
rotational speed upper limit value NUE1 and the torque
upper limit value TUE1. Thus, the amount of reducing
agent used for reducing nitrogen oxide NOx in the ex-
haust gas of the engine 11 may be reduced.

[0090] When the upper limit value for the output of the
engine 11 is limited to a low value, the swinging operation
of working components, such as the boom 4, becomes
slower than the speed corresponding to the operation by
the driver. At this time, if the electric motor 21 operates
at the operation speed for the normal mode MC1, the
upper turning body 3 turns at the speed corresponding
to the operation by the driver. Thus, a mismatch occurs
between the vertical swinging operation of the working
components and the turning operation of the upper turn-
ing body 3, and the driver may sense some awkward-
ness. Further, unexpected inconvenience may occur in
work operations if the vertical swinging operation of the
working components is not in accordance with the oper-
ation by the driver, and only the upper turning body 3
turns according to the operation by the driver.

[0091] When the output of the engine 11 is restricted
againstthe operation by the driver while the upper turning
body 3 is turning, the moving trajectory of the working
components such as the boom 4 may substantially de-
viate from the moving trajectory expected by the driver.
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In the present embodiment, when the turning operation
is continuing, the control mode MC does not transition
from the normal mode MC1 to the output limit mode MC
2, and the transition of the control mode MC takes place
only after the turning operation is ended. In this way, a
situation may be avoided where the moving trajectory of
the working components substantially deviates from the
moving trajectory expected by the driver.

[0092] In the present embodiment, upper limit values
for the rotational speed and torque of the engine 11 are
limited to low values, and at the same time, upper limit
values for the rotational speed and torque of the electric
motor 21 are limited to the rotational speed upper limit
value NUM1 and the torque upper limit value TUM1. In
this way, consistency may be maintained between the
vertical swinging operation of the working components
and the turning operation of the upper turning body 3 so
that the driver may be less likely to sense awkwardness.
[0093] Inthe following, effects of transitioning the con-
trolmode MC from the outputlimitmode MC2 to the idling
mode MC3 are described. In the idling mode MC3, the
engine 11 is maintained in an idling state. Thus, even
when the remaining amount QR of reducing agentis zero,
nitrogen oxide NOx in exhaust gas can be controlled to
a low concentration.

[0094] In the following, effects of transitioning the con-
trol mode MC from the output limit mode MC2 to the first
forced assist mode MC4 are described. In the output limit
mode MC2, the outputs of both the engine 11 and the
motor generator 12 are limited. In the first forced assist
mode MC4, although the output of the engine 11 is lim-
ited, the motor generator 12 can output power up to the
normal output upper limit value. By raising the upper limit
value for the output of the motor generator 12, the amount
of oil delivered from the main pump 14 may be temporarily
increased. For example, by temporarily increasing the
driving force of the crawler, escape from a rough road
may be facilitated. When the motor generator 12 is op-
erated to generate an output close to the normal output
upper limit value, the charge rate SOC of the power stor-
age device 19 tends to rapidly decrease. For this reason,
the time during which the motor generator 12 can be op-
erated to generate an output close to the normal output
upper limit value is relatively short (e.g., several tens of
seconds).

[0095] In the following, effects of transitioning the con-
trol mode MC from the idling mode MC3 to the second
forced assistmode MC5 are described. In the idling mode
MC3, the engine 11 is in the idling state, and as such,
the shovel can only run at an extremely low speed. Also,
going up a slope may be difficult. In the second forced
assist mode MC5, the main pump 14 may be driven by
the motor generator 12 to increase running capacity. In
this way, for example, running capacity may be secured
until reaching a reducing agent supply point.

[0096] In the following, effects of transitioning the con-
trol mode MC to the first assist prohibition mode MC6 or
the second assist prohibition mode MC7 are described.
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In the first assist prohibition mode MC6 and the second
assist prohibition mode MC7, no electric power is sup-
plied to the electric motor generator 12 and the electric
motor 21 even when the forcible assist switch 38 is turned
on. In this way, excessive discharging of the power stor-
age device 19 may be avoided.

[0097] In the above embodiment, when the remaining
amount QR of reducing agent reaches zero, the engine
11 is brought into the idling state by transitioning the con-
trol mode MC to the idling mode MC3. The engine 11
may be forcibly stopped when the remaining amount QR
of reducing agent reaches zero. Even in this case, in the
second forced assist mode MC5, minimum required trav-
el and position adjustment of working components may
be carried out.

[0098] Also, in the above embodiment, as shown in
FIG. 7A, the output of the engine 11 is limited by setting
upper limit values for the rotational speed and the torque
of the engine 11 to the rotational speed upper limit value
NUE1 and the torque upper limit value TUE1, respec-
tively. However, in some embodiments, the output of the
engine 11 may be limited by only setting an upper limit
for one of the rotational speed and the torque of the en-
gine 11, for example. Likewise, the output of the electric
motor 21 may be limited by only setting an upper limit for
one of the rotational speed and the torque of the electric
motor 21, for example.

[0099] Also, inthe above embodiment, when the driver
presses the recovery switch 39 while the control mode
MC is in the output limit mode MC2 or the idling mode
MC3, the control mode MC returns to the normal mode
MC1. However, in some embodiments, the control mode
MC may return to the normal mode MC1 in response to
the driver pressing the recovery switch 39 while the con-
trol mode MC is in the first forced assist mode MC4, the
second forced assist mode MCS5, the first assist prohibi-
tion mode MCB, or the second assist prohibition mode
MC?7, for example. Also, in some embodiments, the re-
covery switch 39 may be omitted because the control
device 30 is capable of detecting the remaining amount
QR of reducing agent.

[0100] In the following, another example transition be-
tween the control modes MC is described with reference
toFIG. 9. FIG. 9 shows an example case where the output
of the engine 11 and the output of the electric motor 21
are limited after an abnormality is detected. In FIG. 9, the
controlmodes MC include a normal mode MC1A, awarn-
ing mode MC2A, and an idling mode MC3A. Note that
FIG. 9illustrates example transitions between the control
modes MC, but not all transitions are shown.

[0101] In the normal mode MC1A, the outputs of the
engine 11, the motor generator 12, the electric motor 21,
and the main pump 14 are controlled to not exceed their
corresponding normal output upper limit values. In the
warning mode MC2A, the outputs of the engine 11, the
motor generator 12, the electric motor 21, and the main
pump 14 are controlled to not exceed their corresponding
first limit upper limit values that are lower than the normal
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outputupper limit values (outputlimit (weak)). Inthe idling
mode MC3A, the outputs of the engine 11, the motor
generator 12, the electric motor 21, and the main pump
14 are controlled to not exceed their corresponding sec-
ond limit upper limit values that are lower than the first
limit upper limit values (output limit (strong)).

[0102] In the following, conditions for transitioning be-
tween the control modes MC are described. When the
control mode MC is in the normal mode MC1A and the
remaining amount QR of reducing agent becomes less
than the determination threshold value THQ1, the control
mode MC transitions from the normal mode MC1A to the
warning mode MC2A.

[0103] When an escape switch is pressed while the
control mode MC is in the warning mode MC2A, even if
the reducing agent is not replenished, that is, even if the
remaining amount QR of reducing agent is still less than
the determination threshold value THQ1, the control
mode MC returns to the normal mode MC1A from the
warning mode MC2A. Note that"SWE" in FIG. 9 indicates
that the escape switch has been pressed. In this case,
operation in the normal mode MC1A may be enabled
until a predetermined time period elapses after the con-
trol mode MC has returned to the normal mode MC1A or
until the remaining amount QR of reducing agentreaches
or falls below the determination threshold value THQO
(e.g., zero) after the control mode MC has returned to
the normal mode MC1A, for example. Like the forced
assist switch 38 and the recovery switch 39, the escape
switch is connected to the control device 30. When the
predetermined time period has elapsed after the control
mode MC has returned to the normal mode MC1A or
when the remaining amount QR of reducing agent reach-
es or falls below the determination threshold value THQO
(e.g., zero) after the control mode MC has returned to
the normal mode MC1A, the control mode MC transitions
from the normal mode MC1A to the warning mode MC2A.
Also, the control mode MC returns from the warning mode
MC2A to the normal mode MC1A when the reducing
agent is replenished and the recovery switch 39 is
pressed while the control mode MC is in the warning
mode MC2A. Note that "SWR" in FIG. 9 indicates that
the reducing agent has been replenished and the recov-
ery switch 39 has been pressed. Also, note that in this
case, the control mode MC does not transition from the
normal mode MC1A to the warning mode MC2A even
afterthe predetermined time period elapses after the con-
trol mode MC has returned to the normal mode MC1A.
This is because the reducing agent has been replen-
ished.

[0104] When the remaining amount QR of reducing
agentbecomes less than a determination threshold value
THQ2 (THQ2<THQ1) while the control mode MC is in
the warning mode MC2A, the control mode MC may tran-
sition from the warning mode MC2A to the idling mode
MC3A. Alternatively, when the elapsed time after the con-
trol mode MC has transitioned to the warning mode
MC2A exceeds the predetermined time period, the con-
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trol mode MC may transition from the warning mode
MC2A to the idling mode MC3A.

[0105] When the escape switch is pressed while the
control mode MC is in the idling mode MC3A, even if the
reducing agent is not replenished, that is, even if the re-
maining amount QR of reducing agent is less than the
determination threshold THQ1, the control mode MC re-
turns from the idling mode MC3A to the normal mode
MC1A. In this case, operation in the normal mode MC1A
is enabled until the predetermined time period elapses
after the control mode MC has returned to the normal
mode MC1A or until the remaining amount QR of reduc-
ing agent reaches or falls below the determination thresh-
old value THQO (e.g., zero) after the control mode MC
has returned to the normal mode MC1A. When the pre-
determined time period has elapsed after the control
mode MC has returned to the normal mode MC1A or
when the remaining amount QR of reducing agent reach-
es or falls below the determination threshold value THQO
(e.g., zero) after the control mode MC has returned to
the normal mode MC1A, the control mode MC transitions
from the normal mode MC1A to the idling mode MC3A.
Also, the control mode MC returns from the idling mode
MC3A to the normal mode MC1A when the reducing
agent is replenished and the recovery switch 39 is
pressed while the control mode MC is in the idling mode
MC3A. However, in this case, the control mode MC does
not transition from the normal mode MC1A to the idling
mode MC3A even when the predetermined time period
has elapsed after the control mode MC has returned to
the normal mode MC1A. This is because the reducing
agent has been replenished.

[0106] In the following, with reference to FIGS. 10 to
12, a power distribution process as another example
process in which the control device 30 controls the out-
puts of the engine 11 and the electric motor 21 is de-
scribed. FIGS. 10 to 12 show examples in which the out-
put of the electric motor 21 is limited according to a limit
set up for the output of the engine 11 after an abnormality
has been detected.

[0107] FIG. 10 shows a relationship between a pump
discharge pressure P and a pump discharge amount Q,
which is determined by a pump current | corresponding
to an engine output upper limit value. When the pump
current | is determined, the pump discharge amount Q
for obtaining the pump discharge pressure P can be de-
termined. The graph of FIG. 10 shows a relationship be-
tween the pump discharge pressure P and the pump dis-
charge amount Q determined by the pump current lwhen
the pump current | is varied within a range from |4 to |,.
The table indicated at the right side of FIG. 10 corre-
sponds to a P-Q map representing the relationship be-
tween the pump discharge pressure P and the pump dis-
charge amount Q based on the relationship indicated in
the graph. In the P-Q map, pump discharge amounts Q
required for obtaining the pump discharge pressures P
to P,, are indicated for each of the pump currents I to | .
For example, as can be appreciated from the P-Q map,
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in order to obtain the pump discharge pressure P; when
the pump current | is setto IJ-, the pump discharge amount
Q should be set to Q; as indicated in the cell where the
row of I; and the column of P; intersect.

[0108] The control device 30 uses such a P-Q map to
perform horsepower control according to limits on the
output of the engine 11.

[0109] In the following, with reference to FIG. 11, a
manner in which the control device 30 distributes power
of the engine 11 and the electric motor 21 based on the
hydraulic load is described. FIG. 11 is a functional block
diagram of the control device 30 that executes the power
distribution process. By implementing such power distri-
bution process, the control device 30 can appropriately
control the load of the engine 11 by controlling an assist
amount of the motor generator 12. In this way, overload-
ing on the engine 11 can be prevented, and the engine
11 can be operated under efficient conditions.

[0110] In FIG. 11, the pump current |, the pump dis-
charge pressure P;, a turning electric motor required out-
put Per, an engine rotational speed Nact, a battery volt-
age Vm, and a target charge rate SOCt are input to the
control device 30.

[0111] The turning electric motor required output Per
corresponds to the electric power required by the electric
load. The turning electric motor required output Per may
be calculated based on the operation amount of the op-
eration lever operated by the driver, for example.
[0112] The engine rotational speed Nact corresponds
to the actual engine speed of the engine 11. The engine
11 is always driven when the shovel is running, and its
engine speed Nact is detected. The battery voltage Vm
corresponds to the voltage between terminals of the pow-
er storage device 19 and is detected by a voltmeter.
[0113] The pump current | and the pump discharge
pressure P; are input to a hydraulic load estimation com-
putation unit 50. The hydraulic load estimation computa-
tion unit 50 calculates a hydraulic load request output
Phr using the pump current | and the pump discharge
pressure P,. The calculated hydraulic load request output
Phr is supplied to a power distribution unit 60.

[0114] The engine rotational speed Nact is input to an
engine output range determination unit 52. A map or con-
version table for obtaining the engine output upper limit
value and the engine output lower limit value from the
engine speed Nact is stored in an engine output range
determination unit 52. The engine output range determi-
nation unit 52 calculates an engine output upper limit
value Pgou and an engine output lower limit value Pgol
based on the input engine speed Nact and supplies the
engine output upper limit value Pgou and the engine out-
put lower limit value Pgol to the power distribution unit 60.
[0115] The battery voltage Vm and the target charge
rate SOCt are input to a battery output determination unit
54. The battery output determination unit 54 includes a
battery output range determination unit 54A, a battery
output target value determination unit 54B, and a charge
state calculation unit 54C. The charge state calculation
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unit 54C calculates the charge rate SOC from the input
battery voltage Vm. The calculated charging rate SOC
is supplied to the battery output range determination unit
54A and the battery output target value determination
unit 54B.

[0116] The battery outputrange determination unit 54A
stores a map or a conversion table for calculating a bat-
tery output upper limit value and a battery output lower
limit value based on the charge rate SOC. The battery
output target value determination unit 54B stores a map
or a conversion table for calculating a battery output tar-
get value based on the charge rate SOC and the target
charge rate SOCt. Such a map or conversion table may
define a relationship between a battery output target val-
ue and a deviation between the charge rate SOC and
the target charge rate SOCt that have been input, for
example. The target charge rate SOCt may be deter-
mined in any arbitrary manner and may be a fixed value
or a variable value. The battery output range determina-
tion unit 54A obtains a battery output upper limit value
Pbou0 and a battery output lower limit value Pbol0 based
on the charge rate SOC and supplies the obtained values
to the power distribution unit 60. The battery output target
value determination unit 54B calculates a battery output
target value Pbot0 based on the charge rate SOC and
the target charge rate SOCt that have been input, and
supplies the calculated battery output target value Pbot0
to the power distribution unit 60.

[0117] The battery output upper limit value Pbou0 cor-
responds to the upper limit value for the discharge power.
The battery output lower limit value Pbol0 is a negative
value, and the absolute value thereof corresponds to the
upper limit value for the charging power.

[0118] The power distribution unit 60 determines afinal
hydraulic load output Pho, a motor generator output Pao
for the motor generator 12, and an electric load output
Peo based on the hydraulic load request output Phr, the
turning electric motor required output Per, the engine out-
put upper limit value Pgou, the engine output lower limit
value Pgol, the battery output upper limit value Pbou0,
the battery output lower limit value Pbol0, and the battery
output target value Pbot0. At this time, the power distri-
bution unit 60 determines the final hydraulic load output
Pho, the motor generator output Pao, and the electric
load output Peo in a manner such that the engine output
falls within the range defined by the engine output upper
limit value Pgou and the engine output lower limit value
Pgol, and the battery output falls within the range defined
by the battery output upper limit value PbouO and the
battery output lower limit value Pbol0, and the power dis-
tribution unit 60 then outputs the determined values. The
control device 30 controls the motor generator 12 based
on the above determined output values.

[0119] As described above, the control device 30 can
accurately calculate the hydraulicload requestoutput Phr
and control the assist amount of the motor generator 12
to thereby appropriately control the load of the engine
11. In this way, overloading on the engine 11 can be
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prevented, and the engine 11 can be operated under
efficient conditions.

[0120] Also, in some embodiments, the power distri-
bution unit 60 may determine the final hydraulic load out-
put Pho and the electric load output Peo in a manner
such that the ratio of the hydraulic load output Pho to a
total required output and the ratio of the electric load out-
put Peo to the total required output do not fluctuate. The
total required output is the sum of the hydraulic load out-
put Pho, the motor generator output Pao, and the elec-
trical load output Peo. In this case, when the hydraulic
load request output Phr decreases, the power distribution
unit 60 lowers the electric load output Peo in conjunction
with lowering the hydraulic load output Pho. That is, be-
cause the output of the engine 11 corresponding to the
output supply side is reduced due to the output limit of
the engine 11, the power distribution unit 60 reduces the
hydraulic load output Pho and the electric load output
Peo. As a result, the respective outputs of the main pump
14 and the electric motor 21 are reduced in accordance
with the decrease in the output of the engine 11.

[0121] In the following, referring to FIG. 12, a process
that is implemented when the control device 30 of FIG.
11 detects an abnormality of the selective reduction cat-
alystsystem 100 while the turning operation is continuing
is described. FIG. 12 is a time chart showing the respec-
tive temporal transitions of the lever operation amount,
the turning speed, the engine output, and the pump out-
put.

[0122] In FIG. 12, graph (A) shows a temporal transi-
tion of the lever operation amount of the turning operation
lever. In the present embodiment, the turning operation
lever has already been operated to the maximum oper-
ation amount, and the maximum operation amount is
maintained through time t1 up until time t2. Then, at time
t2, an operation of returning the turning operation lever
to the neutral position is performed.

[0123] In FIG. 12, graph (B) shows a temporal transi-
tion of the turning speed, graph (C) shows a temporal
transition of the engine output, and graph (D) shows a
temporal transition of the pump output.

[0124] When an abnormality of the selective reduction
catalyst system 100 is detected at time t1, the control
device 30 lowers the engine output upper limit value in
order to prevent exhaust gas having a high NOx concen-
tration from being discharged.

[0125] For example, when the remaining amount of
urea water becomes less than or equal to afirst threshold
value, the control device 30 may lower the torque upper
limit value for the engine 11 as the engine output upper
limit value to limit the torque of the engine 11 to less than
or equal to a predetermined value. Alternatively, when
the remaining amount of urea water becomes less than
or equal to a second threshold value, the control device
30 may lower the rotational speed upper limit value for
the engine 11 as the engine output upper limit value to
limit the rotational speed of the engine 11 to a predeter-
mined rotational speed.
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[0126] When the engine output upper limit value de-
creases, the engine output decreases as shown in graph
(C) of FIG. 12. Also, when the engine output upper limit
value decreases, the pump current | also decreases, and
as a result, the pump output also decreases as shown in
graph (D) of FIG. 12.

[0127] Also, when the remaining amount of urea water
reaches each of a plurality of thresholds including the
first threshold value and the second threshold value, the
control device 30 limits the output of the engine 11 while
continuing to control the electric motor 21.

[0128] Specifically, the power distribution unit 60 of the
controldevice 30 lowers the hydraulic load request output
Phr, and hence, the hydraulic load output Pho, in accord-
ance with the decrease in the pump current I. Then, the
electric load output Peo is decreased in conjunction with
the decreased in the hydraulic load output Pho. The de-
crease in the electric load output Peo causes a decrease
in the output of the electric motor 21 irrespective of the
limits setup by the speed limiting unit5061 and the torque
limiting unit 5063, and also irrespective of the lever op-
eration of the turning operation lever.

[0129] As aresult, the turning speed starts to decrease
at time t1 as shown in graph (B) of FIG. 12 and falls to a
level commensurate with the electric load output Peo cor-
responding to the hydraulic load output Pho.

[0130] Inthisway, whenanabnormality of the selective
reduction catalyst system 100 is detected while the turn-
ing operation is continuing, the control device 30 can pre-
vent exhaust gas having a high NOx concentration from
being discharged by lowering the engine output.

[0131] Also, evenwhen an abnormality of the selective
reduction catalyst system 100 is detected, by continuing
to control the electric motor 21, the control device 30 can
maintain the turning speed of the electric motor 21 at a
level commensurate with the electric load output Peo cor-
responding to the hydraulic load output Pho. Further,
even after the turning operation is stopped, the control
device 30 may still implement energization control be-
tween the inverter 20 and the electric motor 21, and in
this way, the control device 30 can restart drive opera-
tions of the electric motor 21 without delay when the turn-
ing operation lever is operated again. Also, by continuing
to control the inverter 18 and the converter, the control
device 30 can supply electric power to the motor gener-
ator 12 and the electric storage device 19 without delay
when the electric motor 21 generates regenerative elec-
tric power.

[0132] Also, the control device 30 may refrain from lim-
iting the output of the engine 11 when an attachment
and/or the turning mechanism 2 are being operated
(while the turning operation lever is being operated) and
only limit the output of the engine 11 after the turning
operation is ended. In this case, the limit on the output
of the engine may be implemented when the next oper-
ation (lever operation) is performed. In a shovel, itis rare
for a single operation (e.g., one turning operation, one
arm closing operation, etc.) to continue for a long period
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of time, and as such, the control device 30 may refrain
from limiting the output of the engine 11 and continue the
operation for a short period of time as an emergency
measure, for example.

[0133] Although the present invention has been de-
scribed above with reference to illustrative embodiments,
the presentinventionis notlimited to these embodiments.
For example, it will be obvious to those skilled in the art
that various modifications, improvements, and combina-
tions thereof may be made without departing from the
scope of the present invention.

[0134] The present application claims priority based
on Japanese Patent Application No. 2014-246388 filed
on December 5, 2014, the entire contents of which are
incorporated herein by reference.

DESCRIPTION OF THE REFERENCE NUMERALS

[0135]

1 lower running body

1A left side hydraulic motor

1B right side hydraulic motor

2 turning mechanism

3 upper turning body

4 boom

5arm

6 bucket

7 boom cylinder

8 arm cylinder

9 bucket cylinder

11 engine

12 motor generator

13 torque transmission mechanism
14 main pump

15 pilot pump

16 high pressure hydraulic line
17 control valve

18 inverter

19 power storage device

20 inverter

21 electric motor

22 resolver

23 mechanical brake

24 speed reduction gear

25 pilot line

26 6 operation device

27 hydraulic line

29 pressure sensor

30 control device

31 reducing agent storage tank
32 remaining amount detector
33 speed sensor

38 forced assist switch

39 recovery switch

44 charge rate detection circuit
50 hydraulic load estimation computation unit
52 engine output range determination unit
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54 battery output determination unit

54A battery output range determination unit

54B battery output target value determination unit
54C charge state calculation unit

60 power distribution unit

74 engine control device

80 turbocharger

81 exhaust pipe

82 air cleaner

83 intake pipe

84 intercooler

85 diesel particulate filter

86 selective reduction catalyst

87 urea water injection apparatus

88 urea water supply line

89 urea water supply pump

90 filter

91, 92 NOx sensor

93 selective reduction catalyst system controller
100 selective reduction catalyst system

120 storage circuit

501 reducing agent remaining amount detecting unit
502 electric motor speed detection unit

503 charge rate detection unit

504 control mode management unit

505 engine output upper limit value generation unit
506 electric motor output upper limit value genera-
tion unit

507 engine speed command value generation unit
508 electric motor speed command value generation
unit

509 engine control unit

510 electric motor control unit

5051 speed limiting unit

5052 PI control unit

5053 injection amount calculation unit

5054 rotational speed detection unit

5061 speed limiting unit

5062 PI control unit

5063 torque limiting unit

5064 PI control unit

5065 PWM signal generation unit

5066 current detection unit

5067 rotational speed detection unit

ICO, IC1 drive current command value

IM electric motor drive current measurement value
MC control mode

MC1 normal mode

MC2 output limit mode

MC3 idle mode

MC4 first forced assist mode

MCS5 second forced assist mode

MCE6 first assist prohibition mode

MC7 second assist prohibition mode

NCE, NCE1 engine rotational speed command value
NCM, NCM1 electric motor rotational speed com-
mand value

NE engine rotational speed measurement value
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NM electric motor rotational speed measurement
value

NUE, NUEO, NUE1 engine rotational speed upper
limit value

NUE?2 idle rotational speed

NUM, NUMO, NUM1 electric motor rotational speed
upper limit value

PWM pulse width modulation signal

QR remaining amount of reducing agent

SE fuel injection amount

SOC charge rate

SOCt target charge rate

SWCA on/off state of forced assist switch

SWR switch state of recovery switch

TCE engine torque command value

TCM electric motor torque command value

TUE, TUEO, TUE1, TUE2 engine torque upper limit
value

TUM, TUM1 electric motor torque upper limit value

Claims

A shovel comprising:

a lower running body;

an upper turning body pivotally mounted on the
lower running body;

an engine mounted on the upper turning body;
a motor generator driven by the engine;
apower storage device for storing electric power
generated by the motor generator;

an electric motor for supplying regenerative
electric power to the power storage device;

a selective reduction catalyst system for purify-
ing exhaust gas by injecting a reducing agent
stored in a reducing agent storage tank into an
exhaust pipe of the engine;

an abnormality detection unit for detecting an
abnormality of the selective reduction catalyst
system; and

a control device that performs abnormality de-
termination on the selective reduction catalyst
system based on a detection result of the ab-
normality detection unit;

wherein the control device continues to control
the electric motor before and after the abnormal-
ity determination.

The shovel according to claim 1, wherein the control
device performs the abnormality determination
based on a remaining amount of the reducing agent.

The shovel according to claim 1, wherein when a
remaining amount of the reducing agent reaches
each of a plurality of threshold values, the control
device limits an output of the engine while continuing
to control the electric motor.
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4.

The shovel according to claim 3, wherein when the
remaining amount of the reducing agent reaches a
first threshold value among the plurality of threshold
values, the control device limits a torque of the en-
gine to less than or equal to a predetermined value.

The shovel according to claim 3, wherein when the
remaining amount of the reducing agent reaches a
second threshold value among the plurality of thresh-
old values, the control device reduces a rotational
speed of the engine to a predetermined rotational
speed.

The shovel according to claim 1 or 2,

wherein the control device continues to control the
motor generator and the power storage device be-
fore and after the abnormality determination.

The shovel according to claim 3, wherein the control
device performs horsepower control according to the
limit on the output of the engine.

The shovel according to claim 1, wherein the control
device performs the abnormality determination
based on a concentration of nitrogen oxide in the
exhaust gas of the engine.

The shovel according to claim 1, wherein an output
of the electric motor is calculated by a power distri-
bution unit.

10. The shovel according to claim 1, further comprising:

a remaining amount detector for detecting a re-
maining amount of the reducing agent stored in
the reducing agent storage tank;

a hydraulic pump driven by a power generated
by the engine; and

an actuator driven by the hydraulic pump;
wherein the electric motor is driven by the elec-
tric power from the power storage device;
wherein the control device controls the engine
and the electric motor by implementing one con-
trol mode selected from a plurality of control
modes based on a detection result of the remain-
ing amount detector;

wherein the control mode includes a normal
mode and an output limit mode, and in the output
limit mode, an output of the engine is controlled
to be less than or equal to a limited upper limit
value that is lower than a normal out upper limit
value for the engine in the normal mode; and
wherein when the control device determines that
the remaining amount detected by the remaining
amount detector is less than a determination
threshold value, the control device transitions
the control mode from the normal mode to the
output limit mode.
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The shovel according to claim 10, further comprising:

a speed detectorfor detecting a rotational speed
of the electric motor;

wherein when the control device detects that the
remaining amount detected by the remaining
amount detector is less than the determination
threshold value, the control device determines
whether a turning operation is continuing based
on a rotational speed measurement value de-
tected by the speed detector; and

wherein when the turning operation is continu-
ing, the control device transitions the control
mode from the normal mode to the output limit
mode after the turning operation is ended.

The shovel according to claim 10, wherein

when the remaining amount of the reducing agent
becomes substantially zero while the control mode
is in the output limit mode, the control device transi-
tions the control mode from the output limit mode to
an idling mode; and

in the idling mode, the engine is controlled to be in
an idling state.

The shovel according to claim 12, further comprising:

a forced assist switch; and

wherein the motor generator assists the engine
using the electric power from the power storage
device to drive the hydraulic pump;

wherein when the forced assist switch is turned
on while the control mode is in the output limit
mode or the idling mode, the control device
drives the hydraulic pump by controlling the mo-
tor generator to operate without exceeding a
normal output upper limit value for the motor
generator while continuing to control the output
of the engine to be less than or equal to the lim-
ited upper limit value or continuing to control the
engine to be in the idling state.

The shovelaccording to claim 13, wherein the control
device calculates a charge rate of the power storage
device and refrains from operating the motor gener-
ator even when the forced assist switch is turned on
whenthe chargerate is lower than an assist-enabling
threshold value.

A method for controlling a shovel including

a lower running body;

an upper turning body pivotally mounted on the lower
running body;

an engine mounted on the upper turning body;

a motor generator driven by the engine;

a power storage device for storing electric power
generated by the motor generator;

an electric motor for supplying regenerative electric
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power to the power storage device;

a selective reduction catalyst system for purifying
exhaust gas by injecting a reducing agent stored in
a reducing agent storage tank into an exhaust pipe
of the engine;

an abnormality detection unit for detecting an abnor-
mality of the selective reduction catalyst system; and
a control device that performs abnormality determi-
nation on the selective reduction catalyst system
based on a detection result of the abnormality de-
tection unit;

the method comprising a step of the control device
continuing to control the electric motor before and
after the abnormality determination.
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